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Abstract

Proteins are interfacially active molecules and contact of the protein solution with solid surface results in protein adsorption. Then adsorption process may be driven by different kinds of interactions: electrostatic and hydrophobic interactions between protein and surface, lateral protein-protein interactions in the adsorption layer and the gain of entropy upon protein unfolding. These interactions are influenced by the topography of the surface, hydrophobicity, energetic and structural properties of the protein, and the chemical environment. Protein-surface interactions possibly are accompanied by conformational changes of the adsorbed protein. Unwanted effects of conformational changes in adsorbed proteins may be the loss of biological activity and immune response upon blood contact with artificial implant materials, loss of catalytic activity of enzymes in soil, etc. There are situations where an uncontrolled protein adsorption causes detrimental effects, e.g. biofouling in food processing (filtration), plaque precipitation on teeth and contact lenses or thrombus formation (​http:​/​​/​www.ipfdd.de​/​Hemocompatibility.367.0.html?&L=0" \o "Öffnet einen internen Link im aktuellen Fenster​) when blood comes in contact with artificial materials. In other cases protein adsorption is utilized for cleaning protein solutions, biosensors, and drug release.

Present work relates to studies with copolymers of allyl glycidyl ether (AGE) and ethylene glycol dimethylacrylate (EGDM) and their effect on adsorption induced denaturation of active enzymes e.g. α-chymotrypsin, trypsin, alcohol dehydrogenase, alkaline phosphatase, pectinase, pectin methyl esterase, proteases from plants such as bromelain and lipoxygenase, and proteins that can act as enzyme inhibitors, such as  soybean trypsin inhibitor.

The thesis has been divided into 5 chapters. 



Chapter I gives an introduction to protein adsorption on polymeric surfaces and its consequences on protein structure.

Section I of Chapter II describes binding of α-chymotrypsin to allyl glycidyl ether (AGE)-ethylene glycol dimethacrylate (EGDM) copolymers of varying crosslink density. The binding efficiency of the copolymers is found to be dependent on surface area of the copolymers. The nature of polymer surface is probed by studying binding of naphthalene and (Fluronylmethyloxycarbonyl methionine) Fmoc-methionine from aqueous solutions. It is found that the polymer hydrophobicity increases initially with increasing crosslink density in an exponential manner and then reaches a plateau. A comparison of binding curve of α-chymotrypsin with naphthalene and Fmoc-met suggests involvement of polar ester groups (on EGDM part of the copolymer) in binding along with hydrophobic interactions of the polymer surface.
Measurement of the enzyme activity in supernatant and the polymer shows a substantial loss of enzyme activity (>80%) during adsorption. 
To ascertain whether the epoxy groups present in the AGE part of the copolymer cause denaturation during covalent bond formation with the enzyme, the epoxy groups on copolymers were hydrolyzed with dil. HCl to diols and their behavior with α-chymotrypsin was studied. It was observed that increasing the hydrophilicity of the copolymer caused a decrease in binding efficiency by 30%. However, the enzyme after binding still lost its activity to the same extent as the epoxy polymers. These results indicate that epoxy groups do not cause serious denaturation. Studies with XAD-2 (hydrophobic resins without any functional groups) and XAD-7 resins (moderately polar resins with ester functional groups) also indicate involvement of ester groups in protein binding and denaturation.

Section II-IV of Chapter II describes studies on interactions of the AGE-EGDM copolymers with other enzymes such as alcohol dehydrogenase from baker’s yeast, glucose dehydrogenase from Pseudomonas sp. and alkaline phosphatase from calf intestine. Although all these enzymes have similar molecular weights, the binding of alcohol dehydrogenase and glucose dehydrogenase is accompanied by loss of enzyme activity, while alkaline phosphatase is not denatured. This behavior is similar to that observed for solvent effects on these enzymes, giving credence to conclusion that both polar and hydrophobic interactions play a role in protein denaturation.    

Chapter III describes studies with denaturation enzymes by functionalized polymers. The epoxy-copolymers were prepared by controlled polymerization reaction in presence of dibutylamine (DBA). At pH 7-8, the dibutylamino groups are protonated and hence the polymers possess a net positive charge. Studies with DBA modified polymers showed increased protein binding accompanied by extensive denaturation (>98%). Thus a simultaneous increase in hydrophobicity and electrostatic interactions between polymer and the protein results in extensive damage to protein three dimensional structure.

Chapter IV describes the biotechnological potential of the phenomenon of polymer induced denaturation. Enzyme such as lipoxidase in soymilk, bromelain in pineapple juice, pectinase and pectin methyl esterase in enzyme treated apple juice, and trypsin inhibitor in soymilk can be easily removed at room temperature by simple contact with the polymer for 15 min. This methodology is an excellent alternative to existing technologies of heat treatment at high pressure.

Chapter V describes prevention of enzyme denaturation by using reverse micellar media instead of aqueous buffer. The enzymes are immobilized due to covalent bond formation between the polymer and protein. The immobilized enzyme (8-10 mg/g) is quite stable and can be recycled at least 25 times. 




